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(54) Semiconductor laser package with power monitoring system 



(57) A semiconductor laser package (10) including 
a plastic resin housing (11) for encapsulating a vertical 
cavity surface emitting laser (20). The semiconductor 
laser package (10) including a mounting base (12), a 
surround can (14) and a cap (16). The cap (16) having 
integrally formed therein a power monitoring system 
(42), such as a photodetector (66). The vertical cavity 



surface emitting laser (20) generating an emission (62) 
along a path. The photodetector (66) optically posi- 
tioned to receive a portwn of the emission (62). The 
power monitoring system (42) including a plurality of 
layers (52. 54) of an amorphous silicon material and/or 
a germanium material. 
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Description 



Field of the Invention 



o 



package having a transparent uppermost portion, 
thereby permitting the passage of laser missions 
therethrough. 
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The present invention pertains to SOTlconductor 
lasers and more specifically to the packaging of semi- 
conductor lasers. 

Back ground of the Invention 

Since the development of laser diodes, many appli- 
cations for their use have been developed. Increasingly, 
laser diodes are employed for communicatk)ns and are 
integral to optical disc recording and storage systems. 
Typically, edge emitting diode lasers are used. Edge 
emitting diode lasers, however, have a high cost in par- 
allel and serial data links, and have a high cun-ent drain 
due to a high threshoW current when used in compact 
disc pickups. 

New systems are being developed to employ verti- 
cal cavity surface emitting las»s (VCSELs) in place of 
edge emitting lasers. The VCSELs provide a much 
lower cost, use surface emissions which simplify optical 
devices and are capable of being fabricated in larger 
volumes on semiconductor wafers. However, a problem 
exist in the packaging of such VCSELs. namely the cost 
of materials employed in the typical "can" type pack- 
ages. The conventional semiconductor laser apparatus 
utilizes a metal transistor outline (TO) can for packag- 
ing, and includes the formation of a "window" within a 
cap portion of the can through which the laser emission 
passes. In that metal is utilized in which a "window" 
must be formed, the cost of materials impacts the yield. 
Therefore, there exist a need for packaging of vertical 
cavity surface emitting lasers that would reduce the cost 
of manufacture. 

In addition, there is a need to incorporate into the 
package a monitoring system which will automatically 
control the emissions emitted by the VGSEL Generally, 
edge emitting laser diodes employ a power monitoring 
detector facing the back emission facet of the device. In 
a VGSEL with a wavelength shorter than 870nm. there 
Is no back emission due to the opaque substrate on 
which the device is necessarily formed. 

Thus there is a need for a low cost semiconductor 
laser package that has included therein a power moni- 
toring system, thus allowing automatic power control 
(ARC) of the VCSEL emission. 

Accordingly, it is highly desirat)le and an object of 
this invention to provkje for a low cost semiconductor 
laser package that allows for monitoring of the VCSEL 
emission. 

It is another purpose of the present invention to pro- 
vide for a new and improved semiconductor laser pack- 
age that is inexpensive, easily fabricated and allows for 
automatic power control of the VCSEL emission. 

It is a still further purpose of the present invention to 
provide for a new and improved semiconductor laser 



5 Summarv of the Invention 

The above problems and others are sut}stantially 
solved and the above purposes and others are realized 
in a semiconductor laser package including a vertical 

w cavity surface fitting laser generating an emission along 
a path, a power monitoring system positioned in the 
path of the emission and integrally formed with a portion 
of a plastic resin housing. The plastic resin housing 
encapsulating the vertical cavity surface emitting laser. 

15 The monitoring system, such as a photodetector, is 
formed integral with a cap portion of the plastk: resin 
housing and designed to absoriD a minimal portion of 
the incident light from the VCSEL emission passing 
therethrough. 

20 

Brief Description of the Drawinos 

The novel features believed characteristic of the 
invention are set forth in the daims. The invention itself, 
25 however, as well as other features and advarrtages 
tiiereof will be best understood by reference to detailed 
desCTiptions which follow, when read in conjunction with 
the accompanying drawings, wherein: 



30 FIG. 1 is an explod«j isometric view of a semicon- 
ductor laser package with power monitoring system 
in accordance with the present invention; 
FIG. 2 is a sinplif led cross-sectional view of an inte- 
grally formed photodetector in accordance with the 

35 present invention; and 

FIG. 3, is a block diagram of the power monitoring 
system including an automatic power control device 
in accordance witfi the present invention. 

40 Detailed Description of the Preferred Embodiment 

Turning now to the drawings in which like reference 
characters indicate corresponding elements throughout 
the several views, attention is first directed to FIG. 1 in 

45 which illustrated in exploded isometric view is a semi- 
conductor laser package 10. Semiconductor laser pack- 
age 10 includes a plastic resin housing 1 1 . composed of 
a mounting base 12, a surround can 14 enclosing the 
upper surface of mounting t)ase 12. and a cap 16. Plas- 

50 tic resin housing 1 1 is fabricated having a coefficient of 
thermal expansion (CTE) in a range of 10-30 ppm with 
a preferred CTE of 20 ppm or less. Mounting base 12 
has positioned thereon an uppermost surface 1 8, a ver- 
tical cavity surface emitting laser (VCSEL) 20. In this 

55 particular embodiment, VCSEL 20 is a ridge VCSEL 
and fabricated utilizing epitaxial growth of a plurality of 
layers according to well known methods in the art It 
shoukl be understood throughout the description that 
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the specific VCSP^Iustrated. more specifically the 
illustrated ridge 1. is being utilized for purposes of 
this disclosure only"^ can be any of a wide variety of 
different types of VCSELs including ridge, planar, those 
etched through the structure, etc. 

Briefly ridge VCSEL 20 of FIG. 1 is fabricated on 
any suitable semiconductor substrate, such as gallium 
arsenide, indium phosphide, or the like where th semi- 
conductor substrate provides a surface. A first stack of 
distributed Bragg reflectors, an active region. ar»d a sec- 
ond stack of distributed Bragg reflectors are epitaxially 
deposited on the surface by any suitable method, such 
as molecular beam epitaxy (MBE), metal-organic chem- 
ical vapor deposition (MOCVD), or the like. TTie first 
stack of distributed Bragg reflectors includes a plurality 
of layers of semiconductor material with alternating 
indexes of refraction. The active region is grown on the 
upper surface of the first stack of distributed Bragg 
reflectors, which includes one or more quantum wells 
separated by barrier layers with a spacer and/or clad- 
ding layer on either side thereof. The quantum wells and 
spacer layers are also grown epitaxially The second 
stack of distributed Bragg reflectors is formed on the 
upper surface of the active region by for exanrtpie. epi- 
taxially growing pairs of semiconductor layers as 
desCTibed in conjunction with the first stack. The first 
and second stacks are doped with opposite conductivity 
types to form a two terminal (diode) structure for the 
flow of electrical current therethrough. An electrical con- 
tact is positioned over the lower surface of the substrate. 
With the epitaxial depositions being complete, the sec- 
ond stack of distributed Bragg reflectors is patterned to 
form a ridge. Generally ridge VCSEL 20 is made by any 
suitable well known method in the art, such as photoli- 
thography etching, lift-off. any combination thereof, or 
the like. By defining a ridge in the second stack of dis- 
tributed Bragg reflectors, an optical path is defined in 
the second stack of distributed Bragg reflectors that 
reflects and guides light formed in the active region. A 
complete disclosure of the construction of ridge 
VCSELs is available in U.S. Patent No. 5.256.596 enti- 
tled "TOP EMITTING VCSEL WITH IMPLANT', issued 
October 26. 1993. assigned to the same assignee and 
incorporated herein by this reference. 

Referring more specifically to FIG. 1, once the epi- 
taxial depositions are complete, and ridge VCSEL 20 
has been formed. VCSEL 20 is mounted on an upper- 
most surface 18 of mounting base 12. In a preferred 
embodiment mounting base 12 is formed of an opaque 
plastic, thereby preventing external background light 
from entering semiconductor package 10. There is 
formed a metal lead 28. centrally positioned so as to 
optionally permit an end portion of metal lead 28 to 
serve as a support member for ease of mounting 
VCSEL 20. Metal lead 28 will also provide the ground 
contact for VCSEL 20 and power monitoring system 42. 
In addition, there is provided a lead 26 or contact pin for 
electrical interface with VCSEL 20. and a third lead 30 
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or con1/^~^ for electrical interface with power monitor- 
ing sySy /2. Mounting base 12 has formed therein a 

plurality of embedded electrical conductors 23. In this 
particular embodiment electrical conductors 23 are 
5 embedded in and extend through mounting base 12. A 
plurality of wire bond interconnects 22 and 24, or similar 
interconnection, serve to electrically interface VCSEL 
20 and power monitoring system 42 with metal leads 
26. 28 and 30. 

10 Surround can 14 is generally shaped as a typical 
TO can-like structure and formed of a moWed plastic 
material- It should be understood that while the pre- 
ferred embodiment of package 10 is described as a TO 
type laser package, other types of laser packages are 
15 anticipated by this disclosure, such as a surface nnount 
transistor (SMT) type laser package or the like. In the 
preferred embodiment, surround can 14 has embedded 
therein electrical conductors 36 which align with electri- 
cal conductors 23 of mounting base 12. There is option- 
20 ally formed on an interior surface of surround can 14 a 
positioning element 38, such as a registration marK etc. 
Positioning element 38 will serve to aid in the alignment 
of cap 16 relative to surround can 14 of package 10. 
During assemtjly. surround can 14 Is positioned in 
25 alignment with mounting base 12. thereby enclosing 
VCSEL 20. Cap portion 16 is positioned in alignment 
with surround can 14 utilizing an optional cooperating 
positioning element 44. During alignment of semicon- 
ductor package 10, positioning element 44 aligns with 
30 positioning element 38. Cap portion 16 is fabricated to 
include a power monitoring system 42 integrally formed 
therewith. Power monitoring system 42 allows for the 
passage therethrough of substantially 100% of the light 
emitted by VCSEL 20, while absorbing a small percent- 
35 age of the light for monitoring. 

It should be understood that in the disclosed pre- 
ferred embodiment of the semiconductor package of the 
present invention, that housing 11. more specifica lly 
mounting base 12. surround can 14 and ca p 16 a re 
40 formed of a substantially opaque r iiolded plastic res in, 
with a transparent portion formed on the uppermost 
plane of cap 1 6. thereby permitting the laser emission to 
pass therethrough and preventing external background 
light from entering package 10 and thus interfering with 
45 monitoring system 42. It is further disclosed that alter- 
natively, mounting base 12. surround can 14 and cap 16 
can be formed of a substantially transparent molded 
plastic. It should be understood that the mounting base 
12, surround can 14 and cap 16 as disclosed, can be 
50 molded as one integral piece, whereby VCSEL 20 is 
mounted on at least one of the plurality of metal leads 
26, 28 and 30 prior to molding the package 10, more 
specifically housing 11 around the elements or as a 
multi-piece unit as illustrated. It should additionally be 
55 understood that the outside dimensions of the disclosed 
embodiments of semiconductor laser package 10 are 
the same as the typical TO metal type package, cur- 
rently known in the art. for compatibility. 
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Referring now to FIG. 2. illustrated is cap 16. com- 
posed of an optically transpa^^'^^lement 50, power 
monitoring system 42. and 4. } anti-reflective 
material 60. Power monitoring sySr^ 42 in this particu- 
lar embodiment is composed of a p-doped layer of 
amorphous silicon 52. a n-doped layer of amorphous 
silicon 54, a p-ohmic contact 56, and a n-ohrrac contact 
58. During operation, light 62 generated by VCSEL 20 
(not shown) passes through cap 16. Approximately 10% 
of the incident light is absorbed by power monitoring 
system 42. By integrally forming power monitoring sys- 
tem 42 as part of semiconductor laser package 10. 
more particularly cap 16, manufacturing cost are 
decreased and automated production Is feasible. As 
stated, power monitoring system 42 is fabricated of a 
plurality of doped layers of an amorphous silicon mate- 
rial or any other suitable material such as a germanium 
material, or the like and operates similar to a solar cell. 
Generally, the depositions are performed by any suita- 
ble well-known method in the art such as chenr^cal 
vapor deposition (CVD). plasma enhanced chemical 
vapor deposition (PECVD). sputtering, or the like. 

Referring again to FIG. 1. electrical leads 26. 28 
and 30 correspond to a ground, a laser anode and a 
detector anode respectively. During operation, a voltage 
bias is applied to leads 26, 28 and 30 to establish an 
electrical field in VCSEL 20 and power monitoring sys- 
tem 42. When light 62 having a specific wavelength is 
emitted from VCSEL 20. it transmits through surround 
can 14 and through cap 16. More particularly, light 62 
passes through layers 52 and 54 of the amorphous sili- 
con material with a portion of ligtit 62 being absorbed by 
the amorphous silicon material. The thickness of the sil- 
icon absorption region is so designed that about 10% of 
incident light 62 is absorbed and 90% of incident light 62 
is transmitted therethrough. The photons absorbed in 
the amorphous silicon region create electron-hole pairs, 
and the pairs are separated by the electrical field with 
electrons drifting toward positive biased fingers and 
holes drifting toward negative biased fingers. If there is 
a closed loop between the fingers, electrical current is 
detectable with the magnitude being proportional to the 
incident laser intensity. The magnitude of the current 
can be used to send a feedback signal to VCSEL 20 to 
control injection circuitry for auto power control (APC). 

During operation. VCSEL 20 generates a laser 
emission of which automatic power control (APC) is 
sought. Accordingly, in conjunction with power nrwnitor- 
ing system 42. semiconductor laser package 10 is 
capable of nrranitoring the laser power output. It will of 
course be understood that contacts 56 and 58 of cap 16 
could be formed on the reverse or lower surface of opti- 
cally transparent element 50 if that is more convenient- 
Further, the photodetector. or photo sensitive device, 
being utilized has a specific sensitivity which generally 
must be supplied to produce an output signal. 

Due to the low power operation of vertical cavity 
surface emitting lasers in general, thernr^l dissipation of 



semiconductor package 10 should not be a proWem. 
Accordingly, ther is optionally provided transparent 
epoxy or an underfilj^^material, with a coefficient of 
thernwil expansion (t>^_/eciu*va*ent to the VCSEL 20. 

5 thereby providing a buffer prior to the rTX)lding of plastic 
package 10. more specifically the housing 1 1 , about the 
device or enclosure of the device witiiin the molded 
plastic housing. 

Turning now to FIG. 3. illustrated is the operation of 

70 the monitoring system of the present invention, refer- 
enced as 42. In monitoring system 42 the laser pow^* of 
a VCSEL 20 is controlled by enploying a feedback sys- 
tem. A control device 65 rec^ves and processes the 
information nronitored by a photodetector 66. More ^>e- 

15 df ically. ttie laser power output based upon the speksd'tc 
laser power detected by monitoring the laser emisscon 
of VCSEL 20. This processing of the information moni- 
tored by photodetector 66 allows for the identification of 
a point at which a change in laser power is detected, 

20 thereby providing for autonr^tic regulation of the current 
enrployed to drive VCSEL 20 from a cun-ent source 68. 
Thus, knowledge of the laser power at which the laser 
light is emitted, allows for automatic power control 
(APC) bas^ on feedbacK tiiereby maintaining opera- 

25 tion of the laser at a specific, constant laser power cut- 
put. 

Thus, a semiconductor laser package with power 
monitoring system is disclosed. More specifically, a 
molded plastic resin housing, composed of a mounting 

30 base, a surround can and a cap. having formed therein 
metal leads and a power monitoring system. More ^)e- 
dfically. ttiere is provided housed within the pactege a 
vertical cavity surface emitting laser. A cap having 
formed integral therewith a photodetector is positioned 

35 within the emission path of tfie vertical cavity surface 
emitting laser, tiiereby serving to permit substantially 
90% of the laser emission to pass therethrough and 
absorbing a small percentage for monitoring by the pho- 
todetector. The housing is formed of molded plastic 

40 thereby increasing yield by reducing the cost of the fin- 
ished product. 

While we have shown and described specific 
embodiments of the present invention, further modifica- 
tions and improvement will occur to those skilled in the 

45 art. We desire it to be understood, therefore, that this 
invention is not limited to the particular forms shown and 
we intend in the appended claims to cover all modifica- 
tions that do not depart from the spirit and scope of this 
invention. 

50 

Claims 

1 . A semiconductor laser package comprising: 

55 a vertical cavity surface emitting laser (20) gen- 

erating an emission along a patii (62); arxj 
a plastic resin housing (11) for encapstriating 
the vertical cavity surface emitting laser (20). 
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th plastic 
graily form< 




lousing (11) including an inte- 
ger monitoring system (42). 



2. A semiconductor laser package according to claim 

1 wherein the power monitoring system (42) is inte- s 
grally formed in the path (62) of the emission. 

3. A semiconductor laser package according to claim 

2 wherein the plastic resin housing (11) is molded 

as a multi-piece unit including a mounting base w 
(12), a surround can (14) and a cap (16). 

4. A semiconductor laser package according to claim 

3 wherein the power monitoring system (42) is inte- 
grally formed in the cap (16). is 

5. A semiconductor laser package according to claim 
2 wherein the plastic resin housing (11) is mokJaj 
as a one-piece unit. 



6. A semiconductor laser package according to claim 
2 wherein the power monitoring system (42) is a 
photodetector (66). 

7. A semiconductor laser package according to claim 26 
2 wherein the power monitoring system (42) 
includes a plurality of layers of an amorphous sili- 
con material (52. 54). 

8. A semiconductor laser package according to claim 30 
2 wherein the power monitoring system (42) 
includes a plurality of layers of a germanium arte- 
rial . 

9. A semiconductor laser package according to claim 35 
2 wherein the plastic resin housing (1 1 ), the vertical 
cavity surface emitting laser (20) and the power 
monitoring system (42) have similar coefficients of 
thermal expansion. 



10. A method of forming a semiconductor laser pack- 
age comprised of the steps of: 

providing a vertical cavity surface emitting laser 
(20) generating an emission (62) along a path; 45 
providing a plastic resin housing (11), including 
a mounting base (12). a surround can (14) and 
a cap (16), the cap (16) having integrally 
formed therein a power monitoring system 
(42); and so 
mounting the vertical cavity surface emitting 
laser (20) to an uppermost surface of the 
mounting base (12). the surround can (14) 
positioned on the mounting base (12) to allow 
for the passage therethrough of the emission ss 
(62). the cap (16) positioned in the path of 
emission (62) to permit the integrally formed 
power monitoring system (42) to monitor the 
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